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I. Introduction. 

Stelar Theory. 

Any investigation of the origin of the vascular structures of 
a plant necessitates nowadays a consideration of certain assump¬ 
tions involved in the so-called stelar hypothesis. These assump¬ 
tions are based upon the theory of Ph. van Tieghem (32), 
but have been much modified and elaborated during the past 
three decades. 

The original hypothesis of van Tieghem however, has be¬ 
come an axiom for most recent investigators, and nowadays 
nearly every publication begins with the tacit assumption of 
the validity of the stelar theory. Because of the large range 
of variation in the vascular structures in the Pteridophytes, the 
investigators • have confined their attention chiefly to these 
plants. 

Ontogeny. 

A study of the young sporeling of different ferns has been 
undertaken in connection with the stelar theory, but most of 
the investigators were a priori convinced of the applicability of 
this hypothesis (exceptions, Campbell (9), Brebner (5), 
West (42)), and did not study therefore the origin of the vas- 
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cular system, because they considered the stele as a structure 
sui generis. In some recent work (Thompson (57), Cribbs 
(12)), the attention of the investigator is diverted chiefly to the 
theory of recapitalution. Thompson (37) finds that the „sum 
of available ontogenetic evidence is small.“ Jeffrey (20) re¬ 
marks that „the sceletal structure of vascular plants has in the 
past been used for phylogenetic purposes to a much smaller 
extent than that of the higher animals.“ Probably this is one 
of the chief causes for the monopoly of the stelar theory at the 
present time. The embryological evidence is mainly 
in favor of the phytonic view. It is because of the 
phytonic facts observed in the embryo of Lycopodium cemtatm 
by Treub (38) and in Phylloglossum drummondi that Bower (3) 
writes; that „early embryological detail is an insecure guide 
for purposes of comparison.* 4 

This statement will become clear to us when we keep in mind 
that the theory of the strobilus, as advocated by Bower may be 
considered as embodying the morphological expression of the 
stelar axioms. 

It is remarkable that in the great number of investigations 
carried out in this connection — from the time of Leclerc du 
Sablon (23) up to the recent work of Cribbs (12), there are 
very scanty data either supporting or opposing the stelar axiom. 
This is, in our opinion, due to the employment of inadequate 
methods already used by van Tieghem in the description of 
the stele. Van Tieghem speaks about parts of the stele which 
„se rompent** or „se reploient**. Recent authors speak about 
the leaf trace departs** or „the leaf trace joins** according to 
the sequence in which they examined their slides. Consciously 
or unconsciously they look at these terms as expressing the 
real course of the ontogeny. A structure is described always 
from top to bottom or from bottom to top; the real trend of 
development being in many directions. 

The results of Campbell (9) on the development of Eu- 
sporangiate ferns seem to indicate, however, that other con- 
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elusions may be reached where more accurate methods are 
employed. 

Bower (3) remarks that' ..from a theoretical point of view 
the existence of cauline vascular tracts is important, for it accen¬ 
tuates the axis as something more than a mere basis for insertion 
of leaves.” Bundles which are unmistakably cauline do occur 
in the Marattiaceae (commissural strands), but these structures 
arise late in the ontogeny (in Danaea alata after the develop¬ 
ment of the sixth leaf). Before this time there is no real stele 
(West 41 and 42). The cauline bundle is here a secon¬ 
dary structure, and this fact establishes the stem as a secon¬ 
dary derivative of leaves and roots. 

De Bary (1) states that in the young seedlings of all the 
investigated forms of fern-like plants, the bundle system of 
the stem is a sympodium of leaf traces. 

The "pericaulom” of Potonie (26) and the ideas of Del- 
pino are the morphological expression of these phytonic views. 
Schoute is of the opinion (28) „dafi diese Theorie sich noch 
nicht liber den Rang eines genialen Gedankens erhoben hat, 
und daB von einer wissenschaftlichen Begriindung derselben 
auch nicht die leisesten Spuren vorhanden sind; deshalb ist 
von dieser Seite auch kaum ein ernsthafter Angriff auf die 
Stelartheorie zu befiirchten”. In this connection it will be of 
some interest to cite Campbell (9) “The theory that there is 
a special stele belonging to the stem, of which the leaf traces 
and the root traces are subsidiary structures, is not borne out 
by a detailed study of the evolution of the vascular system in 
either the Marattiaceae or Ophioglossaceae". 

Medullation and Endodermis. 

Recent investigators emphasize the question of the origin 
of the intrastelar pith and internal endodermis. There is evi¬ 
dence that these two problems are over-estimated. The vesti¬ 
gial tracheids in the pith; the. internal endodermis may be just 
examples of the anomalous distribution of Caspary layers and 
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tracheitis in the parenchyma. Duval-Jouve (14) and other 
authors found separate tracheids in the parenchyma of leaves 
( Nepenthes , Salicornia ); while the occurrence of a Caspary layer 
in a secondary cork tissue is known (Tieghem, 1891). In 
the second place the “outer” Caspary layer in the ferns seems 
to be formed from the same meristematic cell as the pericycle 
and the phloem! Many inaccuracies have been committed in 
the use of the word endodermis. English and American authors 
seem to mean by this word the German „Schutzscheide“; 
while the other form of endodermis, the „Starkescheide“ 
occurs much more frequently. It is probably due to this fact 
that often the endodermis is said to be absent. 

Too much importance has been attached to the questions 
concerning this endodermis and the internal pith. As Bower 
has pointed out, the internal pith may be caused by abundant 
nutrition. 


Statement of Problem. 

The question of the pith is of secondary importance as we 
are by no means certain that the stelar theory will hold in its 
rigid form. In fact, embryologic evidence, gained in the last 
ten years, seems to suggest the phytonic explanation rather 
than the stelar. Our general statements, however, will be con¬ 
fined to the Emporangiate ferns, because these forms are the 
best known in embryological detail. The work of Camp¬ 
bell (9), Jeffrey (19), Lyon (24), and Farmer and Hill (15) 
gives us a fairly complete picture of the general development 
of the group. It seemed desirable, however, in connection 
with the views expressed in this chapter to investigate the for¬ 
mation of the young vascular structure in one particular genus 
of this group; Botrychium. The unusual facilities of Dr. Camp¬ 
bells laboratory, both as to material and advice, enabled me 
to carry out this research. 
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II. Material and methods. 

Through the courtesy of Dr. H. L. Lyon, Dr. D. H. Camp¬ 
bell came into the possession of valuable material of both 
prothallia and various developmental stages of B. obliquum 
of the “ Tematum ” group; B. simplex ; B. neglectum of the 
Subgenus Eubotrychium; and of B. virginianum of the “ Os - 
mundopteris" group. All apparently preserved in 96% al¬ 
cohol. The material was collected several years ago in Minne¬ 
sota. In addition a nature plant of B. silaeifoluim, collected 
in California, was investigated. Of this plant the root structure, 
petiole and development of the stelar structures in the bud were 
studied. Eight young plants of each of the other four species 
were sectioned. By means of the paraffine method, sections 
of 10 [J. were obtained. Following asuggestion of Dr. Campbell 
1 % aqueous Bismarck brown (Vesuvin) was used as a stain 
for 15—20 minutes after which the sections were counter- 
stained with 1% alcoholic safranin during 10 minutes. This 
method has many advantages for anatomical work. It is very 
persistent and especially adapted for microphotographical work. 

The following number of plants were sectioned: 


B. obliquum . 8 plants 

B. simplex .8 plants 

B. neglectum .3 plants 

B. virginianum .3 plants 

B. silacijolium .1 plants. 


The petiole of B. lanuginosum was also sectioned. 


III. Botrychium obliquum. 

The development of this remarkable form was, until recently, 
very incompletely known. The work of Lyon (24) showed that 
its embryology differed very much from that of other Botrychia. 
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Bower examined some of Lyon's slides and published a short 
account of the embryology of the form. A detailed embryo- 
logical investigation of this form 
by Campbell is in press (11). 

The majority of the young 
plants proves to be still attached 
to the prothallus (Fig. 1); two 
were already free (Fig. 2). The 
size varied from 1—20 mm. The 
developmental range was be¬ 
tween those in which the second 
root (and fourth leaf) were 
Fig 1. making their appearance. 

Position of the Embryo in the Prothallus. 

The Suspensor. 

According to Lyon (24), the position of the embryo is deter¬ 
mined by the suspensor, which develops first and later gives 
rise to the embryo (See also Bower (3)). He gives a figure of 
the young sporophyte, in which the suspensor is immediately 





connected with the neck of the archegonium. The position of 
the suspensor, however, varies considerably in the plants in¬ 
vestigated, as Fig. 3 shows. 

In plant 4, which is represented by a transverse section, the 
position of the suspensor is almost as it is in Lyons micro¬ 
photograph. In plant 1—3 the position is much lower. In these 
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plants there is no longer any evidence of an immediate connec¬ 
tion between archegonia (which must occur on the upper ridge 
of the prothallus) and the suspensor. In the later stages of the 
development of the embryo, the place of the latter is changed 
by its attachment to the vigorously growing sporophyte. 
Plant 4, and the stage described by Lyon, represent very 
young stages in which the first 
root is still short and the second 
leaf not yet developed. Photo¬ 
graph I shows a young plant with 
the suspensor. 

The next period of development 
is one in which the first root is 
very much elongated. The three 
plants which represent this stage 
all show a similar position of the 
suspensor attached at a much 

Fig. 4. lower place. In all the cases exa- Fig. 5. 
mined, the root emerged from the 
lower surface, the cotyledon (a little later) from the upper 
surface of the prothallus. 

There does not seem to be a definite relation between the 
suspensor and the position of the first leaf. In Lyon s photo¬ 
graph, the dorsal side of the leaf points towards the suspensor. 
This is also the case in plant 1 and 3, while in plant 2 the 
suspensor is apparently attached at the ventral side of the 
cotyledon. Plant 4 represents an intermediate stage. 

We can conclude, therefore, that the suspensor has no 
influence on the position of the cotyledon, but that the place 
of the suspensor is determined more or less by the develop¬ 
mental stage of the sporophyte. 




The first Root. The first Leaf. 

Lyon finds a conspicuous apical cell. This was possible 
because of his very young material. As Bruchmann (7) 
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points out, it is very difficult to obtain strictly median sections 
of even a rather short root. The root was cut a little obliquely 
in most of the cases, so that the initials could not be made out 
satisfactorily. West (41) found that in the Marattiaceae 
the number of root initials depended on the bulk rather than 
on the age of the root. However, there is no question that in 
the case of B. obliquum as in B. virginianum and in B. lunaria 
the root initial consists of a single apical cell. 

The development of the vascular bundle must begin at a 
very early stage. In all the cases examined, there was already 
an elaborate vascular system in the first root. In two plants 
the bundle appeared to be monarch (Fig. 6). The place of the 
proto xylem was, in these cases, not very clear. It is probably 
exarch. The irregular behavior of the proto xylem is a typical 
feature in Botrychium (Lang (22), and Campbell (9)). The 
proto phloem was very conspicuous by its shrunken cells which 
gave the appearance of being thick-walled. The xylem con¬ 
sisted of spiral tracheids without conspicuous pits; the phloem 
of cells with a dense protoplann, often with conspicuous nuclei. 
The endodermis was not easily distinguishable. 

In the other five plants, the root was diarch, xylem and 
phloem alternating (Fig. 7). There was a pericycle about 2—3 
layers thick and a very conspicuous endodermis. This is pro¬ 
bably the normal condition. An older stage is represented by 
Fig. 8. The, phloem tends to surround the xylem, which has 
become a solid mass. This is the condition of the stele imme¬ 
diately below the place where the leaf trace coalesces with the 
root trace (Fig. 9). The phloem surrounds the xylem entirely. 
The latter is medullated. According to Bower (4) this medul- 
lation in Botrychium is intrastelar and depends on the nourish¬ 
ment of the young plant. In B. obliquum, however, this is not 
the case. Medullation below the junction of leaf and root 
traces could never be found. The pith is not of intrastelar 
origin, but simply an inclusion of parenchyms between root 
trace and leaf trace. The leaf trace (fig. 10) is a collateral 
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structure, with both conspicuous xylem and phloem. The 
endodermis (as a Caspary layer), is absent, as it is always the 
case in Botrychium. The junction of root and leaf traces shows 
that the primary xylem of the leaf, which was situated at its 
ventral side, becomes the innermost part of the xylem, while 






the protoxylem of the root is situated at the periphery. Hence 
the confusing statements as to the position of the protoxylem 
in the stem-stele. Lang (22), Bower (4). 

At the place of transition between root and leaf, there occurs 
a cork cambium (Fig. 8), which develops after the young sporo- 
phyte has pushed through the prothallus and the second and 
third leaves make their appearance. The cambium is found at 
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the base of the colyledon. The position of this cambium is 
not fixed, as Poirault (25), van Tieghem (33), and Holle (18) 
have already pointed out for several other species of Botrychium. 
Beginning immediately under the epidermis, it proceeds centri- 
petally. This cambium seems to serve a double purpose. 
Campbell (9), who investigated B. virginianum, sees in it a 
wound cork, formed at ■ the base of the leaf before and after 
this is thrown off. 

The fact that the cork is formed long before the leaf is thrown 
off seems to indicate that this cannot be the only cause. Perhaps 
the first periclinal divisions occur in response to the outside 
resistance of the prothallus. In that case these divisions would 
promote indirectly the liberation of the young sporophyte from 
the prothallial tissues. 

Another cambium, or rather irregular cambial activity, occurs 
in'the pericycle (Fig. 9). Because the pericycle is in many 
Botrychia the place where the secondary xylem is formed, it 
would not be too bold a hypothesis to assume that the cambial 
activity in the xylem is an initial stage of the secondary growth 
of the stele. 

The cotyledon pushes out from the upper surface of the 
prothallus at a, later stage than the first root. It is a cone- 
shaped body, which surrounds the second leaf with a sheath. 
The sheath is open at the ventral side, thus forming two 
stipulae, as in B. virginianum (19). The cardinal difference 
with this form, however, lies in the position of the leaf-initial. 
In B. virginianum it is situated near the base of the cone- 
shaped cotyledon; in B. obliquum its place is at the top of the 
cone. In this connection B. obliquum holds an intermediate 
position between B. lunaria and B. virginianum. 

It will be shown later, however, that notwithstanding the 
similarity in the position of leaf initials in B. lunaria and 
B. obliquum, there still exist important differences in the ana¬ 
tomy of the young bud. 
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The young Bud. The apical Cell. 

As it was pointed out before, the stipular sheath of the 
cotyledon is open in front, in agreement with B. virginianum. 
The second leaf, however, surrounds the third with an entirely 
closed sheath. The breaking up of the sheath in two distinct 
stipula seems to occur at an older stage. The arrangement of 
the leaves in the bud can be seen in Photograph 2. 

The plants investigated were too fair advanced to find out 
its origin. The cell is very conspicuous and is shaped like a 
flattened, four-sided pyramid. The divisions, occur chiefly in 
the two vertical planes which are situated at right angles with 
the plane of symmetry of the young sporophyte. The divisions 
occur alternately and probably at great intervals in time. The 
position of the apical cell is not the same as in other Botrychia. 
In B. obliquum it is situated at an angle of lt60 degrees with 
the horizontal, while in other Botrychia its axis is practically 
vertical. The divisions of the apical cell are shown in trans¬ 
verse section in Fig. 5. The form of to the cell is more like 
that found in Ophioglossum than that in Danaea. A, the apical 
cell, has given off, in a preceding period, the group of cells to 
the left of L 3 . This group is the beginning of the third leaf 
in which A is probably the (dividing) apical cell. At a still 
earlier period the apical cell has given off the group L 2 , which 
is already a far advanced vascular bundle. Recently the apical 
cell has given off the group L«, which will form the fourth leaf. 
The initials of the leaves are situated more or less at the leaf 
top (see Photograph 2). This is in sharp contrast with things 
as they are in B. virginianum. If we trace down the vascular 
bundle of the second leaf (Photograph 3), we find that it unites 
with the vascular bundle of the third leaf (if present) before 
joining the main bundle. The most remarkable faeture in the 
whole development, up to this stage, is the complete absence 
of a stele. The vascular tissue originates only by the 
coalescence of leaf traces and the original root trace. 
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The second Root. 

In contrast to the subgenus Eubotrychium, B. obliquum deve¬ 
lops its second root at a much later stage, — as the third leaf 
begins to develop. The position of this root is found to be 
the same in all the cases investigated. This position is a very 
peculiar one and has never been found in the Ophioglossaceae. 
It is, however, known to occur in the Marattiaceae, a fact that 
favors a closer relationship between the two groups. According 
to Campbell (9) the root in Danaea originates in the angle 
between the vascular bundles of the colyledon and the second 
leaf. The initials of the second root in B. obliquum are devel¬ 
oped in a similar position. They occur, as four plants show, 
between the bundles of cotyledon and second leaf, very close 
to the apical cell. It is impossible to make out the origin of 
these initials as in this part of the root the endodermis has 
disappeared. The vascular system of the second root was not 
advanced enough to allow any conclusions as to its future. 
Probably it will unite with the trace of the second leaf. Photo¬ 
graph 3 shows a transverse section of the second root. A con¬ 
spicuous apical cell is visible and a rather large calyptra sur¬ 
rounding it is also visible. A reconstruction of this plant is 
given in Fig. 4. 

Conclusions. 

Botrychium obliquum, and probably the other species of the 
subgenus Phyllotrichium differ from other representatives of the 
genus in the following aspects: 

1. Instead of a foot, a conspicuous suspensor is developed. 

2. This suspensor determines the position of the very young 
embryo; the root bores through the prothallus downward, the 
cotyledon upward. Campbell (9) remarks (p. 136): “The 
genus Danaea differs in the early division of the embryo from 
the other Marattiaceae. The egg cell after fertilization elongates 
in a way which closely resembles that found in B. obliquum. 
The primary hypobasal cell either divides no further or only 
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once and forms a short suspensor, so that all the organs of the 
young embryo, including the foot, are really of epibasal origin.” 
In a later publication (10) Campbell established the presence 
of the suspensor in the embryo of Macroglossum alidae. 

3. The late development and the position of the second root 
resemble closely the facts as they are in Danaea. Lyon remarks: 
“A study of the mature sporophyte of the ternatum species of 
Botrychium discloses unique characters which mark them as a 
natural group entitled to generic rank.” This opinion seems to 
be entirely justified by the facts. 


IV. 

Another representative of the “tematum" group, B. silaei- 
folium, was only available in the adult stage. This specimen 
was collected near Lake Tahoe, California, by Dr. Campbell 
and it possessed three full grown leaves 15—25 cm long and 
a fertile spike i30 cm long. The elaborately developed root 
system was also well preserved (Fig. 11). Series of sections, 
both with hand microtome and with the paraffin method 'were 
made from petiole, bud and roots. 

The bundle in the petiole is very different from the 
other bundles which we found in other species of Botrychium. 
Its structure is essentially the same as that of the petiolar 
bundle in the fossil Osmundaceae (Bertrand, 2) although it 
shows in some points a marked relation to the petiolar bundles 
in Todea, as described by Faull (1901). In the very young 
bundle there are four to six proto-xylem groups. In the mature 
leaf the number is invariably four (Fig. 16) as in Osmundiies 
skidegatensis. The bundle, however, is not concentric; as is 
the case in Osmundaceae (Faull); but the small celled phloem 
is situated at the dorsal side of the leaf, bending in at both 
ventral sides and terminating at the two inner proto xylems. 
The tracheae show numerous bordered pits. This bundle 
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branches copiously when entering the lamina. This branching 
occurs in B. lanuginosum at a lower level in the petiole. Nume¬ 
rous cells with brown contents occur in the parenchyma of the 
leaf; they fail, however, to stain with iron chloride orvesuvin. 



Fig. II. 



Fig. 12. 


Fig. 13. 


The Root. 

The vascular system of the root shows exactly the same 
condition as described by Campbell (9) for B. virginianum; 
a tetrarch or pentarch bundle, with alternating phloem and 
exarch xylem. The endodermis is developed partly as a pro¬ 
tective Caspary layer, partly as a starch layer of irregular shape. 
We will consider first the lower, unwrinkled part of a root 
(Fig. 19) and study the departure of the secondary traces. 
In the case investigated (Fig. 19), two secondary roots left 
the primary root at exactly the same place. Two of the five 
root-xylems are engaged in supplying these two roots, while 
the enclosed phloem branches to form the two new phloems. 
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It is a remarkable feature of the root bundle that the phloems 
meet in the middle, showing exactly the reverse condition from 
that common to the roots of other plants and in the stem 
bundles of the Lycopodiaceae, where the xylems meet in the 
middle of the bundle. 

In the upper part of the root the parenchyma cells are filled 
with starch and the vascular bundle is suspended in the par¬ 
enchyma at different corners by long starchfilled cells. The 
starch parenchyma is not continuous, however. In many cross 



sections it proved to be almost 
entirely absent. This curious phe¬ 
nomenon goes parallel with the 
wrinkles which occur in the upper 
parts of the roots, near the surface 
(Fig. 17 and 18). The starch oc¬ 
curs only in the parenchyma im¬ 
mediately under the convex side 
of the wrinkle; in the concave 
parts no starch can be found. 
Fig. 17 shows the situation in a 
longitudinal section through the 
upper part of a root. The sec- 


Fig. 19. 


tion is not exactly median, but the 
parenchyma cells, surrounding 


the vascular bundle, are in a wrinkled condition themselves. 


Evidently we have here a case of root contraction (de Vries, 39). 
This is, so far as we are aware, the first case of real root con¬ 


traction recorded in cryptogamous roots. Fig. 18 shows the 
condition in a median longitudinal section, with higher magni¬ 
fication. The wrinkling of the cell walls is quite obvious. 
De Vr les found the seat of the root contraction situated in 


the root parenchyma. This is in perfect agreement with this 


case; the decrease in turgor in the wrinkled parenchyma cells 
probably prevents these from manufacturing starch. 

We see also the remarkable fact that some of the tracheids 
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in the bundle are pitted, while in Fig. 19 all the elements 
seem to be spiral tracheids. 

The pentagonal cells near the bundle are the filamentous 
cells on which the bundle is suspended in the parenchyma. 
Most probably the whole structure, as caused by wrinkling, 
is unique in anatomy, as we have not been able to find refe¬ 
rences to similar cases in the literature. No mycelium was 
found in these roots. 


The Bud. 

Fig. 16 shows a series of 16 sections, taken 100 [J. apart. 
One thing is apparent from this series: the imbricate aestivation 
in the bud, which is the common case in Botrychium, does not 
occur here. Fig. 14 will make this clear. The mode of aesti¬ 
vation as expressed in this bud has, as far as we are aware, 
never been recorded in the literature; so we propose to call 
this situation “alternating aestivation” because of the alter¬ 
nation of the leaf bases. The series illustrated by Fig. 16 
shows the origin of the pith and the entire absence of leaf 
gaps. This series is reconstructed in Fig. 13. At the junction 
of two leaf bases, one or more roots are given off without any 
disturbance of the vascular tissue. A cauline “stele” could 
not be traced, as there was no vascular tissue immediately 
under the growing point. The pith is nothing but ground 
tissue enclosed between leaf traces. At this place there was 
formed some secondary xylem in the pericycle. The vascular 
structure of this bud shows an aberrant condition; leaf or root 
gaps could not be traced. This would point either to the fact 
that the stele in Botrychium is not a fixed structure, or that 
B. ohliquum and B. silacifolium do not show a very close rela¬ 
tionship in this respect. 

Summarizing, we can say that B. silacifolium shows in the 
mature condition the following peculiarities: 

1. The leaf trace has a typical Osmundaceous character. 

2. The root trace is similar to that found in B. virginianum, 

Recueil des trav. bot. neerl. Vol. XVIII. 1921. 23 
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the upper part of the root showing a complicated parenchyma 
structure due to root-contraction. 

3. The position of the leaves in the bud is a peculiar one 
and may be called alternating aestivation. 

4. There is no cauline stele even in the adult plant. 

5. The pith is not intra-stelar, but ground tissue enclosed 
between the leaf traces. 

6. No leaf gaps or root gaps coulcLbe detected. 

7. The general structural resemblance to Osmunda is more 
apparent than that to the Marattiaceom ferns. 


V. 

Botrychium virginianum, a form belonging to the subgenus 
Osmundopteris, has been investigated by Campbell (9) and 
Jeffrey (19). The origin of the vascular system has been 
investigated by Campbell (9). Very young plants, in which 
the first leaf was not yet expanded, were sectioned. The vas¬ 
cular bundle of the first leaf was just starting its development 
but it did not join as yet the main vascular tract. The trace 
of the first root joined the trace of the cotyledon and the two 
traces enclose a part of the ground tissue; the pith is not of 
stelar origin. The second root joined the vascular tract lower 
in the series. There is no trace of a cauline stele. 

The usual endophyte is present in the root, and peculiar 
cells are found on the ventral epidermis of the cotyledon. 
These cells stain brownish with vesuvin, and give a violet 
precipitate with iron chloride. The existence of tannin cells 
in this species, even in this genus, has been hitherto overlooked. 

B. virginianum shows the following characteristics; 

1. In the young sporeling there is no real cauline stele. 

2. The intra-vascular medulla is a part of the gound tissue. 

3. Tannin cells are probably present in the ventral epider¬ 
mis of the cotyledon at a very young stage. 
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Bruchmann (7) has investigated a representative of the 
third group of the genus, — Eubotrychium. His work on 
B. lunaria shows that there are important difference between 
this subgenus and the other Botrychia. We will describe the 
development of B. simplex and B. neglectum. 


VI. Botrychium simplex. 

There is a close similarity in embryological development 
between B. simplex and B. lunaria. The two species seem to 
merge gradually into another; the only real difference being 
the partial coalescence of leaf and fertile spike in B. simplex. 

The eight plants investigated were of very different ages. 
In the youngest plant the second root and the second leaf 
were not yet developed, 
while the oldest plant con¬ 
sisted of six roots and two 
leaves, the oldest of which 
was ±4 cm long and bore 
a distinct spoon-shaped la¬ 
mina. Because of the wide 
Fig. 20. development al range it Fig. 21. 

was possible to treat the 

development of the stele in this plant more fully. Fig. 20 and 21 
show two young plants. The difference from B. obliquum is very 
marked. The roots are situated in a plane at right angles to 
that of the cotyledon (as in B. lunaria) instead of being situated 
in the plane of the cotyledon (as in B. obliquum). There are 
very many roots developed and only one visible leaf. 

Position in the Prothallus. The Foot. 

As in some species of Ophioglossum and in B. lunaria the 
very young plant consists practically of a root (see Camp¬ 
bell (9) and Bruchmann (7)). There is a conspicuous foot 
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(Fig. 36). The foot, however, is smaller than B. lunaria and 
considerably smaller than in B. virginianum (Campbell, 9). 






Fig. 26. 


Fig. 28. 



Fig. 24. 


The first root resembles strikingly that of B. lunaria (7). 
Unfortunately, the sections were not quite median, therefore 
the apical cell could not be made out. In another median 
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section of the first root, however, the initials were not quite 
clear. Lang (22) has shown that the number of root initials is 
not so much dependent on the age as it is on the bulk of the 
roots. Campbell (9), however, found always single initials. 
The cotyledon is not a scale-like rudiment as in B. lunaria, 
but a more or less developed structure. The narrow apical cell 
is already plainly visible. A single vascular strand connects 
root and leaf. 

The position of the embryo in the prothallus is, as far as 
could be seen, quite the same as that in B. lunaria. The only im¬ 
portant difference between this form and B. simplex up to this 
stage is the large size of the first leaf in the latter. No trace of 
a vascular bundle appears in the cotyledon at this stage. The 
initials of the cotyledon could not be traced with any certainty. 

The Formation of the Stele. 

The second root makes its appearence at the same place as 
in B. lunaria. A series representing this stage is shown in Fig. l 37. 
The second leaf 
has not yet deve¬ 
loped its leaf trace. 

The leaf trace in 
the cotyledon is 
plainly visible. 

The second root 
appears very near 
to the place where 
the bundle of the 
second leaf will de¬ 
velop. The three Fig. 27 

traces join in the 

foot to form a closed ring of xylem. Root initials could not 
be made out. 

The formation of the stele up to this stage proceeds therefore 
as follows: 
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1. Trace in first root. 

2. Trace in cotyledon. 

3. Nos. 1 and 2 join. 

4. Trace in second root. 

5. Trace in second leaf. 

6. Nos. 4 and 5 join, and coalesce with No. 3. 

The first and second leaves are both functional. 
There is no trace of scale-like rudiments as described by Bruch- 
mann. Every root trace joins its corresponding leaf trace. It 
will be shown later that this is not always the case. In one 
plant, the condition corresponded exactly with that of B. lunaria. 
This plant is shown in Fig. 21. Six roots, but only two leaves 



Fig. 29. Fig. 30 


were developed. B. simplex is an exeedingly variable form (see 
figures of Luerssen cited in Bower 3). It may be possible that 
the first leaves in this plant are functional or rudimentary 
according to the ecological conditions. On this assumption, 
it would be worth while to re-investigate the embryology of 
B. lunaria. The possibility exists that the unfavorable geolo¬ 
gical and edaphical conditions of that region of Thiiringen in 
which Bruchmann collected his material were the cause 
of the peculiar “backwardness” of the leaves. Campbell 
states this as an anomalous case in Helmintostachys (9). 

According to the behaviour of the first and second root, the 
third root must appear before the third leaf develops. Figs. 34 
and 35 show this condition. Both figures are longitudinal 
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sections through the same young plant. In the section shown 
by Fig. 35 the vascular bundle of first root and cotyledon, the 
already very much developed horseshoe shaped xylem of the 
second root and the procambium of the second leaf are deve- 



Fig. 31. Fig. 32. 



Fig. 33. 


loped. This section lies in the plane of both apical cells of second 
leaf and stem tip. 

Fig. 34 shows the traces of second root and second leaf just 
before they join. The third root is cut transversally. Its apical 
cell is conspicuous (Fig. 25, shaded cell). It is a four sided, 
flattened pyramid. 
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The apical cell of the stem is not quite so big as in other 
Botrychia (24). Its position, however, agrees quite well with 
the figure of Bruchmann (7). The initial of the second leaf 
is situated more or less at the top of the leaf, its position being 
very much like that in B. lunaria and not like that in B. virgini- 
anum. The procambium of the leaf trace is plainly visible. The 





third leaf can be seen as a protuberance to the left of the stem 
initial. The third root is already entirely developed at this 
stage. Again the root is ahead of the leaf in development. This 
contrasts markedly with B. obliquum in which the third or even 
the fourth leaf are partly formed before the second root can be 
traced. 

Fig. 23 shows a later stage in the development of the second 
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leaf. Here the leaf trace forks at the top of the leaf suggesting 
the same condition as in B. lunaria (Bruchmann 7). 

Lobes are formed at this leaf at a little older stage, as the third 
leaf is further advanced. The form of these lobes may be clo¬ 
sely traced in a series of transverse sections (Fig. 28). We see 
that the sheath of the cotyledon surrounds the leaf entirely. 
This is not the case in B. virginianum or B. obliquum. 

The form of apical cell of the stem seems to be variable. 
Fig. 26 shows a transverse section through the stem tip. The 
apical cell (shaded) is a three sided pyramid. The leaf trace 
of the second leaf is already advanced, and the initial stages of 
of the third leaf can be seen at the right side of the slit. 



Fig. 37. 


The oldest plant of the material was cut into a complete series 
of transverse sections (Fig. 39, left to right; Fig. 40, right to 
left). Starting at the upper side of the plant, the formation to 
the stele is as follows: 

The leaf traces of first leaf and second leaf, in their advanced 
stages consisting of two separate xylems, appear at a lower 
plane as two simple strands; the trace of the cotyledon keeps 
its double character a little longer. At this plane a root trace 
enters and coalesces with the trace of the second leaf. At this 
level the endodermis becomes conspicuous. Xylem of root and 
leaf form together a horseshoe-shaped xylem. Another root 
trace joins the stele. This trace belongs to the first leaf. The 
three traces form a closed xylem ring, surrounded by an endo¬ 
dermis. Further down four other roots enter, disturbing the 
complete xylem ring and forming root gaps. The stele consists 
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of six root traces and only two leaf traces. The four lowest 
roots having no accompanying leaves, it can be assumed that 
the first four leaves in this plant were rudimentary just as in 
B. lunaria. 

Fig. 22 gives a reconstruction of the stele. In the oldest 
plant investigated there is still no trace of a cauline 
stele. Bower (4) and Lang (22) assume that there is a cau¬ 
line stele. Campbell (9) denies this on embryological grounds. 
A similar opinion holds West (41) for Danaea. West remarks 
that “the convenient descriptive term ‘stele’ is here simply 
employed for the common vascular tissue produced by the 
close association of the earlier leaf and root-traces.” This idea 
can be applied unchanged on the stele both of B. obliquum 






Fig. 38. 


and B. simplex. There is no reason to assume that the stele in 
B. lunaria would prove to be of (partly) cauline origin. Only 
a more detailed anatomy of the root and leaf can make this out 
satisfactorily. 


The Anatomy of the Root. 

The number of the protoxylems is one, two or three. This 
is the common number. This is considerably less than the 
maximum found in B. lunaria, where Poirault (25) counted 
seven proto-xylems. The vascular bundle in a diarch root could 
be traced in a continuous series of sections. In the youngest 
part, the xylem is pronouncedly exarch and consists of several 
reticular or spiral tracheids, before either endodermis or phloem 
appear. At an older stage (Fig. 29) the two proto-phloems 
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appear, thick-walled cells, alternating with the xylems. Distinct 
sieve tubes, even in the older stages, could not be traced. At 
this stage the endodermis begins to develop. The pericycle is 
absent between proto-phloem and endodermis. Between xylem 
and endodermis there is a pericycle consisting of one layer, 
the cells of which are filled with dense protoplasm. Still later 
the two proto phloems join (Fig. 30) to form a linear strand of 
xylem between the two phloems. The xylem increases in bulk 
before the leaf trace joins it. The point of their junction can 



Fig. 40. 


be seen in Fig. 31. The endodermis, previously broken by 
the entering leaf-gap, surrounds the stele again entirely. The 
phloem follows the inside of the endodermis, leaving only 
an occasional pericycle cell between. 

Bower (4) in his work on the medullation of the Ophioglossa- 
ceae remarks that the pith is initiated below the departure of 
the first leaf trace; but that the medullation is intra-stelar. 
There is no evidence that the medullation in B. 
simplex is anything else than the enclosure of a cer¬ 
tain number of parenchyma cells between two 
xylem strands. 
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The internal endodermis, as observed by Poirault (23) 
and other authors, in B. limaria is entirely absent in B. simplex. 
The behaviour of the endodermis in the latter species is much 
simpler than that found by Lang for B. limaria (22). The endo¬ 
dermis is absent in the leaf, but surrounds the stem and root 
stele with a complete ring, only interrupted by the entrance 
of other roots. Fig. 27 shows this condition. On this figure two 
root traces and a leaf trace join the stele. The endodermis 
begins already to close around the leaf-trace, but is interrup¬ 
ted at the entrance of the root traces. Outside the uninterrupted 
parts of the xylem a strong cambial activity occurs in the peri- 
cycle. The only irregularity observed in the endodermis of 
B. simplex was an occasional doubling (Fig. 28). This doubling 
has nothing to do with the insertion of a leaf or root trace, as 
found by Lang in B. limaria. 

Occasionally independent tracheids were seen in the pith. 
Bower and Lang both hold the opinion that these free tra¬ 
cheids represent the remnants of the old primary xylem, per¬ 
haps comparable to the intra-medullary xylem of the Botry- 
opteridae as observed by Seward (30) in Ankyropteris and 
Zygopteris (see also Scott. (29). The pith of B. simplex being 
entirely of intrastelar origin, it seems that opinion of Bower 
and Lang does not hold for this form. Fig. 32 shows the junc¬ 
tion of two root traces. There is one tracheid in the medulla, 
which is apparently nothing else than a common root tracheid, 
but bent upwards inside the medulla instead of near the 
xylem. The figures of Lang on the intra-medullary xylem of 
B. limaria can be explained in the same way. 


Secondary Growth, Cork Formation. Tannin Cells. 

Fig. 27 shows a large pericycle surrounding the xylem. This 
pericycle is the place where the secondary growth takes place 
in the other Botrychia and in some of the Marattiaceae (West 
42). It cannot be made out if in B. simplex, that the secondary 
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growth will occur at an older stage, but it is very probable, the 
position of the cambium-like pericycle agreeing closely with 
that of B. lunaria. The cork formation occurs in the same places 
as in B. obliquum. 

The big cotyledon (Fig. 33) shows two separate exarch xylems, 
and in contrast with B. obliquum, no distinct phloem could be 
traced. Like the other Botrychia, there is no endodermis. The 
most conspicuous features of the cotyledon are the tannin cells. 
They make their appearance at a rather young stage; (see Fig. 38; 
Fig. 33) as the third leaf becomes conspicuous. They are con¬ 
fined to two regions only: 

1. The epidermis. 

2. The layers surrounding the stele and more or less corre¬ 
sponding with the endodermis (West (42) describes a mucilage 
duct in the endodermis of Marattia). 

In longitudinal sections the tannin cells appear as very long, 
worm-like structures. Their contents are granular and stain 
from light green to dark brown with Bismarck brown. With 
iron chloride or copper bichromate, strong tannin reactions 
were obtained, much stronger as in the case of B. virginianum. 
It seems to point to a relation with Helminthostachys, which, 
for a representative of the “ lunaria ” group, is very improbable. 
The plants were too young to show either a lysigenous or schizo- 
genous origin of tannin ducts, as occurs in the Marattiaceae 
(West 42). It is doubtful if the cells in B. simplex will ever fuse 
or pour their contents into cellular spaces. In longitudinal 
sections, the transverse walls are sometimes very difficult to 
trace. It was therefore impossible to make out if in B simplex 
the tannin ducts occur in a new form: the tannin vessel, 
although the existence of these vessels is probable. 

Conclusions. 

The development of Botrychium simplex shows clearly its 
close affinity to B. lunaria, the only essential difference being 
the occurrence of tannin cells (or vessels) in thre former. Othe 
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differences are probably due to biological influences. In B . 
Itmaria the first leaves are represented by scale-like rudiments. 
In B. simplex, however, this seems to be an exceptional case. 
Out of eight plants, there was only one plant which showed this 
condition. As pointed out before, this fact is probably due to 
ecological conditions. 

There is no trace of a cauline stele, the vascular bundle con¬ 
sisting of leaf and root traces. The intra-medullary xylem be¬ 
longs probably to these traces. The plants were too young toshow 
secondary growth. The anatomy of the stele, and especially 
the size and shape of the pericycle agrees so closely with that 
of B. Itmaria that it will occur undoubtedly at a later stage. 

The same holds for the internal endodermis. 


VII. 

Dr. Lyon’s material bore the label Botrychium neglectum, 
although the description in Britton and Brown (6) did not 
agree with its characteristics. There is no doubt, however, that 
the plant is a representative of the Eubrotrychium group, pro¬ 
bably B. onondagense. 

One series of cross sections from one of the oldest plants is 
shown in Fig. 44. A very conspicuous feature in these sections 
is the double leaf trace, of which each part has its own endo¬ 
dermis, judging by the occurrence of conspicuous tannin cells, 
whose contents color bright green with the vesuvin. The series 
shows the junction of the first root. Plant and reconstruction of 
the vascular system above the first root are shown in Figs. 41,42. 
We see that the leaf traces do not unite before entering the main 
bundle, as was the case in B. simplex (Fig. 22). The two bundles 
join after having joined the main bundle. Sinnott in his treatise 
on the leaf trace (1910) divides the ferns into three groups. 

a) One leaf trace; Botrychium, Helmintostachys, Euophio - 
glossum, Osmtmdaceae. 
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b) Two leaf traces, arising from the sides of the gap; Marat- 
tiaceae. 

c) More than two leaf traces; Ophioderma, Cheroglossa, all 
the other ferns. 

We see that in this respect Botrychium obliqmim, and sila~ 
eifolium, the large leaves resemble in form the 0 smundaceae 
and Euophioglossum while the “ lunaria ” group shows in B. 
simplex and B. negledum connecting links between the former 
forms and the Marattiaceae. B. virginianum shows also a division 
of the leaf trace in the older leaves (Campbell). It seems, there¬ 
fore, that tannin cells and reduplication of the leaf trace, sooner 




Fig. 41, 



or later in ontogeny, go together and show a resemblance to 
the Marattiaceous condition. 

This condition was much more pronounced in the root 
traces of two other plants of B. negledum (Fig. 42). Here the 
root traces originated from the fusion of two lateral traces at 
the margins of the gap. This is not always the case, however, 
the normal “simplex” condition (Fig. 41) bein represented in 
the majority of the cases. 

Returning to the reconstruction model Fig. 41, we may ask 
if all the vascular tissue in this case is of phytonic origin. In 
order to determine this, transverse sections, taken immediately 
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below the growing point, were studied. One of these sections 
is shown in Fig. 49. The tracheary tissue at the lower side 
represents the joint leaf traces of the third leaf. At the upper 
side, the group of four xylem cells at the top of the drawing, and 
three others at the extreme right belong to the traces of the 



Fig. 45. 


fourth leaf. The two separate xylem cells cannot be accounted 
for, unless they belong to the fifth leaf and form the beginning 
of its leaf trace. Otherwise, we should have here a real 
example of “stelar” tissue. That there is no stelar tissue the 
diagrams in Figs. 41 and 42 demonstrate clearly. The pith 
was of the same origin as in B. simplex. Fig. 43 shows a 
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longitudinal section through a young plant in the plane of 
the apical cell. Conditions are exactly as in B. simplex. So 
are the root traces, which therefore need not be further con¬ 
sidered here. 

Fig. 45 shows the region of the apical cell more highly 
magnified. Comparison with Fig. 24 shows the difference 
between the nature of the apical cell in B. simplex and B. Tie? 
glectum. The apical cell of the latter resembles quite closely 




the apical cell depicted by Campbell in Danaea (9). This 
relation holds even in details of cell division as Fig. 140 of 
Campbell shows. The transverse section, however, shows a 
close resemblance with a similar section in B. simplex, as a 
comparison between Figs. 48 and 26 demonstrates. 

In the meristematic tissues many cells in B. negledum show, 
after the usual staining with safranin and vesuvin, black chro¬ 
matin figures in the nuclei. Fig. 47 depicts some of the diffe- 
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rent forms observed. It seems that only the spireme stage 
of the prophase has been stained. In the other species of 
Botrychium, we found nothing to suggest an explanation of 
this curious fact. 

In one case a young secondary root showed a quite con¬ 
spicuous apical cell, very much of the kind described by 
Campbell and Jeffrey for B. virginianum. The advanced 
stage of this root, however, made it impossible to determinew 
hether this root originated from the endodermis, as van 
T i e g h e m states is the case in ferns, or from the pericycle, 
as is the case in Angiopteris and in Todea barbara, recently 
investigated by Cribbs. 

One peculiarity of which we found no statement in the 
literature was the fact that, at very young stage, the leaf develops 
stomata. (Fig. 46). This leaf was most probably rudimentary. 
The stoma observed was conspicuous by the thickness of its 
cuticle and its rather primitive shape. In the same figure the 
crushing of the subepidermal layer of the older leaf can be 
observed. Only the tannin cells of this layer have sufficiently 
sclerenchymized walls to withstand the pressure. 

The study of B. neglectum brought out the following facts: 

1. There is a very close similarity between B. simplex and 
B. neglectum. 

2. The leaf trace, however, shows an increasing tendency 
towards doubling. The same fact holds for the root trace. 

3. The occurrence of the tannin cells is even more wide¬ 
spread than in B. simplec. 

4. The chromatin of many embryonal cells assumes a black 
color. 

5. The apical cell resembles that of Danaea. 

6. There were only two cells in the vascular system, whose 
origin was not certainly phytonic. 
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VIII. The endophyte. 

In the roots and prothallia investigated, the endophyte is 
abundant in all the species. It is, however, entirely lacking in 
the leaves, except B. silaeifolum. The fungus is also absent 
from the tissues inside the endodermis. Campbell (9) remarks 
that there is no essential difference between the endophyte in 
the Marattiaceae and Ophioglossaceae. The habit of the fungus 
agrees closely with that described by West (43), in the Marat¬ 
tiaceae (and even by that described by Cribbs for Todea ) except 
for the differences due to the symbiosis, the fungus being a 
parasite in Marattiaceae, and a symbiont in Ophioglossaceae. 
The mycelium stains deeply with safranin and, in the older 
stages, also with Bismarck brown. It is multinucleate, even 
in the younger stages. 

The fungus penetrates probably by the endodermis and pro¬ 
ceeds through the outer parenchyma partly inter-, partly intra¬ 
cellular. The mycelium does not seem to stimullate cell division. 
On the contrary, in the regions where the cambial activity is 
strong, the fungus is invariably absent (West (43) holds the 
opposite opinion). At a definite distance from the epidermis 
the fungus branches copiously inside the cells (“arbuscles” 
of Gallaud) and disintegrates. The nucleus of the host-cell was 
not affected. The contents of these cells stain deeply with sa¬ 
franin. At other places the hyphae swell considerably, or they 
show a tendency to curl up till they fill the whole cell. Some¬ 
times these swollen forms suggest closely the suspensor of the 
zygospores in the Mucorineae. In other cells the so-called 
vesicles occur, thin walled, apparently osmotic products, 
filling sometimes the whole cell. Sometimes there occur two 
vesicles in one cell. In all these characters the fungus resembles 
closely the Stygeosporiummarattiacearumas described by West, 
except for the total absence of the resting spores as found by 
this author. This absence may be due to the different physiolo¬ 
gical conditions of the fungus (insufficient aereation). 

24 * 
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At one place a sporangium-like form was found, protruding 
from the epidermis. Its importance seems to be doubtful. 
Another, probably parasitic, fungus was found in B. simplex. 
It was a multicellular, short-celled form, found in one place 
between epidermis and subepidermal layers of a young root. 
Its contents stained light-green with Bismarck brown. This 
fungus is evidently a true parasite, the surrounding tissue being 
disintegrated by its influence. 


IX. Summary and conclusions. 

1. As a result of the investigations undertaken to determine 
the origin and development of the vascular tissues of the young 
gametophyte of Botrychium, it has been shown that there is no 
evidence for the presence of cauline stelar tissues. This is true 
also for the adult sporophyte of B. silaeifolium. The cauline 
(commisural) strands, found in the Marattiaceae, are quite 
absent in all the species of Botrychittm that were examined. 

2. The “intra-stelar” pith proved to originate by inclusion 
of ground tissue between the leaf and root traces. An internal 
endodermis could not be found. 

3. The development of the young plant as well as many other 
peculiarities of the species investigated suggest relationships 
with various other ferns. The relations to Ophioglossum and 
Helmintostachys are apparent. The suspensor and the origin 
of the second root in B. obliquum suggests a relationship to the 
Marattiaceae. Other characters of B. obliquum (position of the 
leaf-initials) point to the subgenus Eubotrychium. B. silaeifolium 
has root characters in common with B. virginianum, while the 
form of the leaf trace suggests Osmundites, Todea, or even 
Loxoma, as described by Gwynne-Vaughan (17). In B. vir¬ 
ginianum, we find indications of tannin cells, which occur in 
larger numbers in the investigated species of the subgenus 
Eubotrychium. This is, however, not the only point in common 
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between this group and the Marattiaceae. The apical cell in 
B. neglectum is very suggestive of that found in Danaea, and the 
reduplication of the leaf trace from the Ophioglossaceous to the 
Marattiacoom condition is another significant point. 

4. Botrychium can be divided into two groups: Phyllotrichium, 
in which the leaf dominates; Eubotrychium (a better name would 
be “ Radicotrichium ’) in which the root is the dominating 
structure. Osmundopteris seems to hold an intermediate position. 
The general relationship of Botrychitim, apart from the points in 
common with Ophioglossum and Helmintostachys, points in the 
first place to the Marattiaceae. It is evident that these two 
groups are closely interrelated. Other evidence points to the 
Osmundaceae. These three groups of ferns have many charac¬ 
teristics in common. Significant in this connection is the fact 
that the endophytes as described by Campbell for the Ophio- 
glossaceae, by West for the Marattiaceae, and by Cribbs for 
the Osmtmdaceous Todea, are probably identical. The presence 
of Stygeosporitan marattiacearum therefore seems to be esta¬ 
blished for these three groups. 

We will refrain from speculations on the phylogenetic rela¬ 
tionship of the different forms treated in this paper. As soon 
as we assert a certain form to be primitive, we follow our 
personal taste more than scientific deductions. So - called 
primitive characters are widespread in Botrychium, but they 
seem to be distributed more or less equally throughout the 


genus. 
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Explanation of plates. Botrychium obliquum. 

Photograph I. Young sporophyte in longitudinal section; still 
Surrounded by the prothallus. The haustorium is visible at 
the lower left hand side. The cotyledon and one leaf are 
already developed. 

Photograph II. Young sporophyte in longitudinal section. 
The prothallus is visible at the right hand side, the vascular 
bundle of the cotyledon is plainly visible. The bundle of 
the second leaf is still in the cambial stage. At the base of 
the third leaf a conspicuous apical cell may be traced. 
Photograph III. Young sporophyte in cross section. Vascular 
bundle of first root in cross section. Apical cell of second 
root conspicuous. Sheath at right hand side is remnants of 
prothallus. 

The photographs were madewith a Leitz outfit; projection 
ocular 2, bellows 50 cm, objective A. A blue filter was used 
between the arc and the condensor. 


The figures were drawn with a Zeisz drawing apparatus 
and reduced to */g of their original size. In the following table 
the lenses will be named with which the object was observed 
(ao. 2 means objective ao; ocular 2). Fig. 1, size 4 cm; 
2, 2 cm; 3, a 0 .2; 4, F . 2; 5, F . 2; 6, D . 4; 7, D . 4; 8, D . 4; 
9, F.2; 10, F.2; 11, nat. size; 12, nat. size; 13, nat. size; 
14, A . 2; 15, a 0 .2; 16, D . 4; 17, a 0 .2; 18, F . 2; 19, D . 4; 

20, 2 m; 21, 1 m; 22, nat. size; 23, a 0 .4; 24, D . 2; 25, D . 2; 

26, D. 2; 27. D.2; 28, F.2; 29, F.2; 30, F.2; 31, F.2; 

32, D . 2; 33, F . 2; 34, A. 2; 35, A. 2; 36, A . 2; 37, ao. 2; 

38, a 0 .2; 39, ao . 2; 40, a 0 .2; 41, 2 m; 42, 1 % cm; 43, ao . 4; 
44, a 0 .4; 45, D . 4; 46, F.2; 47, F.2; 48, F.2; 49, A. 4. 
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